The paper presents analysis and improvement of the control accuracy for a positioning device with a ball screw-driven table system. In the analytical studies, effects of variations of mechanical parameters on the positioning accuracy are examined, where the mechanical variations are especially determined as the parameter changes in the torque constant and the nonlinear friction through positioning trials with different temperature conditions. In order to simulate actual responses in the positioning, a precise simulator with static and dynamic friction models are provided. The analyses clarify that the mechanical variations behave as equivalent disturbances with components in low frequency range and deteriorate the positioning accuracy. A robust disturbance observer, therefore, is designed in the frame work of 2-degrees-of-freedom positioning controller, in order to improve the disturbance suppression characteristics. The effectiveness of the proposed design has been verified by experiments with a ball screw-driven table system on machine stand. Fig. 1 shows waveforms of position error for variations of positioning condition, when 40 trials of positioning have been examined by using conventional and proposed controllers. In the trials, temperature conditions of the positioning device have been changed from low to high through the warm up. The proposed controller with the disturbance observer could satisfy the positioning specifications with accuracy of ±5 μm by suppressing the effects of mechanical variations, while the scattered responses with over 15 μm overshoot occurred by the conventional controller. Amounts of scatter during responses have been also evaluated as 3σ of the standard deviation in Fig. 2 , where about 80% of scatter could be suppressed at around the settling. 
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64 bit DSP MPC8240/250 MHz 250 μs Table 6 . Parameters of feedforward controller. (b) minor loop expression of (a). Fig. 13 . Block diagram of distrubance observer. 
